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t public safety 800 MHz spectrum 
C's sets national guidelines for 800 MHz use but allows regional 
ning committees to develop regional plans tailored to their 


ticular communications needs 


“s are “deputized” by the FCC to handle vetting and approval 


- Groups meets monthly to review new frequency requests 
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2d under Part 90 for LMR and Government Radio 
sctrum is very scarce, especially in metro regions 
Adjacent channels must be coordinated 
fc will issue license 
ist prove non-interference by engineering analysis 
uency Reuse is required, not an option 
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N47"16'16.60" W122°24'42.68" 166.1 m 
IndianV  TxHtAGL: 30.5 m Total ERP&: 250.00 W 
Model: 1 Use file-horzontal’210.0" 154.2850 MHz 


‘Site: KJT437_1 
N45°58'19,.40" W122°5957 40" 374.7 m 
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in border regions with Canada 
demonstrating non-interference to 


perations. 


ow that signal strength < -148 dBW (VHF),< -146 dBW 
IF) or -107 dBW (800) received by Canadian stations. 


eineering study must show worst case situation (i.e., 


must accept operation on a secondary non-interference basis 
to current and future Canadian operations. 
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Site: Fire_Training 
N47°15'17.00" W122°23'58,00" 7.0m 
FireTral Tx.HLAGL: 18.1 m Total ERPd: 20.00 dBW 


-10 dBW/m2 Model; 1 directional-horizontal0,0" 851,0000 MHz 
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BDA Interference 


3DA? ..... Bi-Directional Amplifier 


vated as a “Signal Booster”, a dual repeater that 
amplifies uplink (internal to external) and 
| to internal) signals while providing isolation 


ional IBC/IFC Code requirements for in-building Public 
fety First Responder Radio Systems 
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Two main types: 
Type A - Channelized 
Type B - Band Pass 


Typ. 5 - 20 W output 
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FICE Ve te d RF Noise Floor 


‘ey present on a frequency due to natural and man- 


range from -131 ~ -120 dBm 

| that the receiver “sees” all the time 
floor energy increases due to IX, it competes with 
ed received sign 
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levated RF Noise Floor 


the noise floor, the greater a signal’s energy must be 
s+ to adequately detect and demodulate 


ular carriers’ nightmare 
e data access speed 


uce battery life (dynamic power control) 
ped calls 
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Why Radios Experience IX 


Radio Performance 
= Modern radios design for frequency agility over wide range 
Ex. UHF 67 MHz BW (403 - 470 MHz) 
Ex. 800 MHz 18 MHz (851 - 869 MHz) 
= Ceramic Pre-Tuned Filter vs. helical “old school” preselectors 
= ize and weight vs. performance compromise 
= Nobody wants a bulky portable radio 
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Xtal Filter 
Pecetece | mommcina | Pose name 
Harmonic Filter ae Avago MGA62563 — IP3 +15 dBm 
IL = 1.5 dB (max.) Gain = 18 dB 


NF = 1.5 dB 


IP3 = 12 dBm 
RF Switch1 


IL=0.4 dB 


RF Switch2 Mini-Circuits Mixer IFAmp/Limiter 


IL =0.4dB ConvGain = -8,0 dB Gain = 24 dB 
TX IP3 = 23 dBm NF = 2.5 dB 
7X 
7X 


Pre-Selector 900 900 MHz LNA Post-Selector 900 
IL=1.5¢dB Avago MGA62563 IL=1.5dB 
G=18dB 
= 5 oS eats +18 dB 
IP3 = 12 dBm Billa os ™ 
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Power amplifier 


APC amplifier 


Mixer circuit 


TX VCO circuit 


RX VCO circuit 


Ceramic filter 


( for wide) 


Ceramic filter 
( for narrow) 
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Passive Inter-Modulation (PIM) 


1own as “diode” or “rusty bolt” effect) 


or more signals present in a passive non-linear device 
ultiply with each other to generate other signals 


ty caused by: 
nilar metals (especially ferromagnetic: Fe Ni, steel alloys) 
interconnects 
ic effects 
connections 
itters sharing antenna runs 

tters using adjacent antennas 

towers with conflicting antenna patterns 
sed or poorly torqued RF connections 

- contamination 

- fatigue breaks, cold solder joints 

- corrosion 
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M case the intermodulation product can affect 


a mode of “self-interference” 
be constant or intermittent (ex. multi-channel trunking systems) 
CO mplex with wide-band carrier signals 
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aAssive Inter-Modulation (PIM) 


m for Public Safety Radio System consideration? 
of 4G 700 MHz and 850 MHz cellular data networks 
rgy near PS sites 

lopment increases in cost, more co-locations 


ig quality due to time, corrosion, and neglect 
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Inter-Modulation (PIM) 


Iz Bands i is now being proliferated with PS 700 MHz P25 
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assive Inter-Modulation (PIM) 


ustry, cellular carriers and radio system owners responded 
issue? 


awareness 
le and connector preparation and installing 


Body Plating - White Bronze 
Contact Plating - White Bronze 
Dielectric - PTFE 

Coupling Nut - Stainless Steel 


Muitipath IX and P25 


mals often reach a receiver from multiple directions - from the 
ismission point and from reflected sources. 


| Sound “fish bowl” and WA state topography is “perfect storm” 
or Maltipath distortion. 

- mountains 

- water 


- buildings 


Viultipath IX and P25 


time but the “capture effect” of the discriminator in an 
3 you often don’t notice this effect in a strong capture 


e TX source (i.e. weaker signal areas), the 
i 1 both be captured, but will be time 
Piva ‘dele and t refore phase shifted - resulting in 


audio 
fobksineyauceyal 
1g noise 


V ys exception of extreme cases, levels of audio distortion can be 
‘en tolled : in problem areas. 


Multipath IX and P25 


the big deal? Digital Modulation is the big deal! 


transitioning to P25 nationwide 
is transitioning to DMR and NXDN 


Part 97 now have two mass-produced digital modes (D-Star and 
Vertex C4FM FDMA) as well as P25 and TRBO DMR-MARC/DCI 


Multipath 1X and P25 


2 ial modulation, which has a completely different IX 


eviation fe abel) sistas Rand a center ey 


Each Repost state represent a binary number (DiBit/Symbol - 2 bits of 
information) 


Dev. +1.8 kHz 
Information Bits Symbol C4FM Deviation 
+3 +1.8 kHz Dev. +0.6 kHz 
+1 +0.6 kHz 
-1 -0.6 kHz Dev. -0.6 kHz 
-3 -1.8 kHz 


Dev. -1.8 kHz ieee 


Ideal 


C4FM Eye Diagram multi-path) 


Phase 
Distortion 


Multipath 1X and P25 © 
big problem...? 


ed non-speech is not only unintelligible, its 


> classic S/N we all understand 
al decreases, noise increases) 


rita degradation phenomenon highly variable 
(dependent upon radio manufacture, digital squelch setting and 
ent of radio) 


High BER resulting in muted speech segments may be harder for the 
human brain to recreate than analog = lost content 
Js... Shoot ! 
Don’t shoot ! 
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big problem...? 
ive due to high BER means an operator may not 
2ing called = lost transmission 


e as to its origins ! 


isy during transmission, quiet carrier during hang-time) 

ik limited issue ™ 

oisy during transmission and hang time) 

zenerated issue 

sic distortion sounds, nulls and fades, varies with location) 

- network connectivity issue 

: (high BER, latency, jitter) 

- subscriber radio alignment issue 
(analog frequency error of 1 kHz - 2 kHz in Part 97 FM still recoverable, 
digital frequency error of more than 400 -500 Hz can cause problems) 
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ags 


nateur DMR radio (Motorola XPR5500) 


iter (Cougar Mt.) 


_° 


ation in New York state 


Multipath 1X and P25 


be done to improve performance ? 
fem design and engineering 


Transmission - “managed multipath” 

_- Voted ve - in digital system this is BER voting, in some 
cases multiple data streams are aggregated and error corrected 

- Diversity receive — dual antennas on one receiver correlating 

input signals 

- Down-tilt antennas (mechanical and electrical) 3° ~ 15° 

- transceiver and repeater testing and alignment (automated test 

of TX BER and Mod Fidelity, 5% max acceptable BER) 


User training, understanding the world of digital voice 


8 


Vertical pattern 
: ue : 


ey 


ii 
We 


Ae 


aren ee 


oi ae 


Fy 
i] 
A 


a 
s 


ai 


9 zee 
Whe 

ASS 

aR ae 


12° electrical downtilt 


A& 
xQ 


%, 


The END 


